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FNE-GRANED CHANNEL ACCESS IN 
WIRELESS NETWORKS 

BACKGROUND 

0001. A wireless local-area networks (WLAN) links 
devices using a wireless distribution method (such as 
orthogonal frequency-division multiplexing (OFDM)). A 
WLAN allows users to move around an area serviced by the 
WLAN while still maintaining interconnectivity. For this rea 
son WLANS have become increasingly popular with con 
Sumers both in the home and in commercial and public areas. 
0002 Improvements in communication technology drive 
the increase of wireless data rate in wireless local area net 
works (WLANs). For example, the latest ratified Institute of 
Electrical and Electronics Engineers (IEEE) 802.11 n stan 
dard has boosted the physical layer (PHY) data rate to hun 
dreds of megabytes per second (Mbps). The physical layer is 
the first and lowest layer in the seven-layer Open System 
Interconnection (OSI) model of computer networking. 
0003. The increase in the data rate in the PHY is mainly 
due to wider channel bandwidth and advanced modulation 
techniques like Multiple-Input Multiple-Output (MIMO). 
Future standards like the IEEE 802.11ac standard and the 
802.11ad standard are already poised to provide even faster 
PHY speeds on the order of gigabytes per second (Gbps). 
0004. However, the throughput efficiency, which is the 
ratio between the network throughput and the PHY data rate, 
has degraded rapidly as the PHY data rate has increased. One 
reason for this is the inadequacy of current IEEE 802.11 
medium access control (MAC) data communication protocol. 
The MAC is a sublayer of the data link layer, which is the 
second layer of the OSI networking model. For example, 
given that most internet protocol (IP) packets have a maximal 
transmit unit (MTU) size around of 1500 bytes, the efficiency 
ratio in an 802.11 n network at 300 Mbps is around twenty 
percent. In other words, the 300Mbps data rate can sustain an 
actual throughput of only about 60 Mbps. 
0005 One reason for such inefficiency is that the current 
MAC data communication protocol allocates the entire chan 
nel as a single unit. Such allocation can become too coarse 
grained when the channel width increases or PHY data rate 
increases. Even if a sender has a small amount of data to send 
the data still has to compete for the whole channel. The time 
spent resolving this contention for the channel therefore 
becomes an overhead to the useful channel time. Unfortu 
nately, this overhead cannot be easily reduced due to physical 
and electronics constraints. As a result, the higher the PHY 
data rate the lower the throughput efficiency. 
0006 Attempts have been made to deal with this lack of 
WLAN efficiency. One way to improve efficiency is to extend 
the useful channel time on data transmission by sending 
larger frames. Indeed, the IEEE 802.11 n standard allows 
frame aggregation (or sending multiple frames together). 
However, when the PHY data rate goes up the aggregated 
frame size needs to go up as well. This means to achieve an 
efficiency of eighty percent in a 300 Mbps network it would 
require the frames to be as big as 23 KB. This means longer 
delays as the sender waits to collect enough frames before 
actual transmission, which adversely affects transport control 
protocol (TCP), real-time applications like voice over IP 
(VoIP), video conferencing, and to web browsing. Indeed, 
tests have shown that a network throughput of 300 Mbps an 
802.11 n network can only increase to around 80 Mbps after 
frame aggregation is enabled. 
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0007. One way to improve WLAN efficiency is by reduc 
ing the channel width and creating additional channels. Each 
node in the network may transmit on these Small channels 
simultaneously, thereby amortizing MAC coordination over 
head among multiple users. One problem, however, with this 
idea is that it is difficult to slice a channel band into multiple 
subchannels without losing useful bandwidth. 
0008. One common practice in creating subchannels is to 
waste both edges of two adjacent Subchannels as 'guard 
band' So that the useful transmissions are properly spaced out 
to avoid interfering with each other. However, these guard 
bands can add up to significant overhead, especially as the 
number of subchannels increase. Moreover, no matter the 
width of a subchannel the guard-band width cannot be easily 
reduced due to the power mask requirement. 
0009. In order to avoid the need for guard bands, some 
WLANs use the orthogonal frequency division multiplexing 
(OFDM) wireless distribution method. OFDM is a well 
understood PHY-layer technology that works best if the fre 
quency and width of subchannels are strategically picked and 
transmission on each subchannel is synchronized in a way to 
become “orthogonal” (and thus non-interfering) to one 
another. Although some cellular networks have proposed to 
use OFDM in channel multi-access (OFDMA), it requires 
tight synchronization among user handsets and it does not 
Support random access. It thus remains a technical challenge 
on how to use OFDM-type channelization for dividing a 
channel into Subchannels among distributed and asynchro 
nous stations in a random-access WLAN, where it is imprac 
tical and unnecessary to achieve the same tight synchroniza 
tion. 

SUMMARY 

0010. This Summary is provided to introduce a selection 
of concepts in a simplified form that are further described 
below in the Detailed Description. This Summary is not 
intended to identify key features or essential features of the 
claimed subject matter, nor is it intended to be used to limit 
the scope of the claimed subject matter. 
0011 Embodiments of the fine-grained channel access 
system and method facilitate fine-grained channel access in a 
high-data rate wide-band wireless local-area network 
(WLAN). Embodiments of the system and method are 
designed to enable fine-grained subchannel random access 
based on orthogonal frequency-division multiplexing 
(OFDM). Embodiments of the system and method are a 
cross-layer design that addresses challenges in both the 
physical layer (PHY) and the media access control layer 
(MAC) design due to the asynchronous and distributed nature 
of WLANs. 

0012 Embodiments of the system and method take an 
entire wireless channel and divide the whole channel width 
into proper size subchannels commensurate with PHY data 
rate and typical frame size. When OFDM is used to eliminate 
the interchannel guard-bands, one challenge is how to coor 
dinate the transmissions as WLAN is distributed and asyn 
chronous in nature. First, embodiments of the system and 
method use a new PHY architecture based on OFDM that 
retains orthogonality among Subchannels by solely relying on 
the coordination mechanisms in existing WLANs (Such as 
carrier-sensing and broadcasting). Second, embodiments of 
the system and method employ a frequency-domain conten 
tion technique that uses physical layer request-to-send/clear 



US 2011/0317633 A1 

to-send (RTS/CTS) signaling and frequency domain backoff 
to efficiently coordinate the Subchannel access. 
0013 More specifically, embodiments of the system and 
method take a wireless channel and divide the channel into 
multiple fine-grained subchannels. Then each node on the 
WLAN contends independently for each of the fine-grained 
subchannels. A first OFDM technique is used to signal an 
access point in the WLAN that the node desires one or more 
of the subchannels. This first OFDM technique uses a first fast 
Fourier transform (FFT) size. 
0014 Each node then simultaneously transmits a multi 
tone RTS (M-RTS) signal to the access point by using the first 
OFDM technique. Sometimes more than one node will desire 
the same Subchannel, and this will cause contention among 
the nodes. The access point resolves any contention between 
the nodes using a frequency domain contention technique that 
includes a frequency domain backoff technique. Once any 
contention is resolved by the access point, the access point 
then assigns each node one or more of the subchannels. 
0015. A second OFDM technique (which is different from 
the first OFDM technique used for signaling) is used for data 
transmission. This second OFDM technique uses a second 
FFT size for transmitting data on each node's assigned Sub 
channels. In addition, embodiments of the system and method 
employ two different guard times to handle symbol time 
misalignment of the asynchronous signaling and the data 
transmission over the fine-grained subchannels. One of the 
guard times uses a short cyclic prefix while the other guard 
time uses a long cyclic prefix (as compared to each other). 
0016. It should be noted that alternative embodiments are 
possible, and that steps and elements discussed herein may be 
changed, added, or eliminated, depending on the particular 
embodiment. These alternative embodiments include alterna 
tive steps and alternative elements that may be used, and 
structural changes that may be made, without departing from 
the scope of the invention. 

DRAWINGS DESCRIPTION 

0017 Referring now to the drawings in which like refer 
ence numbers represent corresponding parts throughout: 
0018 FIG. 1 is a block diagram illustrating a general over 
view of embodiments of the fine-grained channel access sys 
tem and method implemented in a wireless computer net 
work. 
0019 FIG. 2 is a flow diagram illustrating the general 
operation of embodiments of the fine-grained channel access 
system shown in FIG. 1. 
0020 FIG. 3 illustrates a diagram of uplink access where 
there are multiple senders of embodiments of the system and 
method shown in FIGS. 1 and 2. 
0021 FIG. 4 is a flow diagram illustrating the operational 
details of embodiments of the subchannel division configu 
ration shown in FIG. 1. 
0022 FIG. 5 is a flow diagram illustrating the operational 
details of embodiments of the subchannel request module 
shown in FIG. 1. 
0023 FIG. 6 is a flow diagram illustrating the operational 
details of embodiments of the data transmission module 
shown in FIG. 1. 

0024 FIG. 7 is a flow diagram illustrating the operational 
details of embodiments of the frequency domain contention 
resolution module shown in FIG. 1. 
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0025 FIG. 8 is a flow diagram illustrating the operational 
details of embodiments of the frequency domain backoff 
module shown in FIG. 1. 

0026 FIG. 9 illustrates an example of a suitable comput 
ing system environment in which embodiments of the fine 
grained channel access system and method shown in FIGS. 
1-8 may be implemented. 

DETAILED DESCRIPTION 

0027. In the following description of embodiments of the 
fine-grained channel access system and method reference is 
made to the accompanying drawings, which form a part 
thereof, and in which is shown by way of illustration a specific 
example whereby embodiments of the fine-grained channel 
access system and method may be practiced. It is to be under 
stood that other embodiments may be utilized and structural 
changes may be made without departing from the scope of the 
claimed Subject matter. 

I. System Overview 
0028 FIG. 1 is a block diagram illustrating a general over 
view of embodiments of the fine-grained channel access sys 
tem 100 and method implemented in a wireless computer 
network. The wireless computer network is a wireless local 
area network (WLAN) and includes at least one client com 
puting device 110 or node, which acts as a sender. It should be 
noted that although only one client computing device 110 is 
shown in FIG. 1 for the sake of simplicity, typically there are 
several computing or processing devices that belong to the 
WLAN. 

0029. The client computing device 110 is in wireless com 
munication 115 with a wireless access point (AP) 120, which 
acts as a receiver in embodiments of the system 100 and 
method. In turn, the AP 120 typically is in communication 
with a wide-area network 125 (such as the Internet). The 
communication parts in embodiments of the fine-grained 
channel access system 100 agree on spectrum channel allo 
cation and subchannel division schemes, as shown within the 
AP 120 of FIG. 1. In particular, the AP 120 includes a sub 
channel division configuration 130. Based on the configura 
tion 130 an entire wireless channel 135 is divided or separated 
into a plurality of fine-grained subchannels 140. 
0030. It should be noted that FIG. 1 illustrates the embodi 
ments of the fine-grained channel access system 100 by tak 
ing the client computing device 110 (or node) as a sender and 
the AP 120 as a receiver. For the sake of simplicity, in the 
client computing device 110 only modules for sending are 
shown and in the AP 120 only modules for receiving are 
shown. It should be noted that in embodiments of the fine 
grained channel access system 100 the AP 120 and the client 
computing device 110 run symmetric protocols. This means 
that they contain the same functional modules. 
0031 When the client computing device 110 has frames to 
transmit, a Subchannel request module 145 residing on the 
client computing device 110 generates subchannel access 
requests based on the frame size and an output of a frequency 
domain backoff module 150. The subchannel request module 
145 performs carrier sense on the entire wireless channel 135 
and when the channel 135 is sensed idle the module 145 sends 
a multi-tone request to send (M-RTS) signal to the AP 120. 
This M-RTS carries the subchannel access request using a 
first fast Fourier transform (FFT) size 155. 
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0032. The AP 120 receives requests from client nodes 
(including the client computing device 110) for subchannels 
access 160. These concurrent requests may contend for each 
of the subchannels. The AP 120 resolves the contention with 
a frequency domain contention resolution module 165 that 
deals with contention between nodes that are requesting the 
same Subchannel. Subchannels are assigned to node by the 
module 165, and then the AP 120 sends out the subchannel 
assignments for the nodes 170 to the respective nodes using a 
multi-tone clear-to-send (M-CTS) 175 using the first FFT 
S17C. 

0033. The client computing device 110 is one of the nodes 
that receives one or more subchannel assignments 180 (de 
pending on the number of subchannels requested). Using the 
one or more subchannels assigned to it, a node (such as the 
client computing device 110) can send data. Embodiments of 
the fine-grained channel access system 100 and method 
facilitate receipt and transmission of data using a data trans 
mission module 185. The data transmission module 185 
transmits using a second FFT size 190. The transmitted data 
are received by a data receiving module 195 located on the AP 
120. If the data is received correctly an acknowledgement 
(ACK) signal is sent from the AP 120 back to the client 
computing device 110. 

II. Operational Overview 

0034 FIG. 2 is a flow diagram illustrating the general 
operation of embodiments of the fine-grained channel access 
system 100 shown in FIG. 1. In particular, embodiments of 
the system 100 and method divide an entire wireless channel 
into a plurality of fine-grained subchannels (box 200). This 
division is commensurate with a physical layer (PHY) data 
rate and a typical frame size. Next, each node on the wireless 
network contends independently for different subchannels of 
the fine-grained subchannels (box 210). 
0035. As explained in detail below, a new transmission 
opportunity appears only when the entire channel is idle. At 
that time each station tries to contend for different subchan 
nels after the channel is idle for a certainamount of time. This 
is based on a distributed coordination function interframe 
space (DIFS). 
0036 Embodiments of the system 100 and method then 
use a first orthogonal frequency-division multiplexing 
(OFDM) technique using a first fast Fourier transform (FFT) 
size to signal the access point (AP) 120 (box 220). This is 
done at the physical layer of the OSI model. Each node 
transmits a specially-designed OFDM symbol (called Multi 
tone RTS or M-RTS signal) to the AP 120 by using the first 
OFDM technique (box 230). The M-RTS signal is discussed 
in detail below. This M-RTS signal has embedded therein 
each node's contention information in a set of Subcarriers for 
each subchannel that the node intends to access. 
0037 All M-RTS signals are resolved at the AP 120. In 
addition, the AP 120 resolves any subchannel contention 
between nodes (box 240). Any contention between the nodes 
is resolved using a frequency domain contention technique 
that includes a frequency domain backoff technique. The AP 
120 then broadcasts the contention results in a corresponding 
multi-tone clear-to-send (M-CTS) OFDM signaling symbol. 
Then only the nodes assigned subchannels will use them for 
data transmissions. Each node is assigned one or more Sub 
channels (box 250). Note that a node may contend for mul 
tiple Subchannels based on its instantaneous traffic demands. 
The AP 120 will then generate an acknowledgement on each 
Subchannel where a data frame has been successfully 
decoded. 
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0038 Embodiments of the fine-grained channel access 
system 100 and method also use a second OFDM technique 
having a second FFT size for data transmission on the plural 
ity of fine-grained subchannels (box 260). In addition, two 
different guard times are used in order to avoid inter-subchan 
nel interference among asynchronous signaling and data 
transmissions over the subchannels (box 270) from different 
senders. These two different guard times are discussed in 
detail below. Embodiments of the system 100 and method 
then are able to transmit and receive data over the plurality of 
fine-grained subchannels (box 280). 
0039 FIG. 3 illustrates a diagram of uplink access where 
there are multiple senders of embodiments of the system 100 
and method shown in FIGS. 1 and 2. In particular, an entire 
wireless channel 300 shown in FIG. 3 is divided into four 
Subchannels. Note that time is increasing when going from 
left to right across FIG. 3. At time T1 the whole wireless 
channel 300 is busy. At time T2 the whole wireless channel 
300 is idle for a period of time that is based on DIFS 310. After 
this period of idleness, a new transmission opportunity 
appears. Each of the nodes on the wireless network tries to 
contend for different subchannels 

0040. At time T3 each of the nodes will transmit a modi 
fied RTS signal simultaneously. This RTS signal is a spe 
cially-designed OFDM symbol and is called a Multi-tone 
RTS (M-RTS) 320. Each node embeds its contention infor 
mation in a set of subcarriers for each of the four subchannels 
that it intends to access. 

0041 At time T4 there is a first short interframe space 
(SIFS) 330 delay. All M-RTS signals are resolved at the AP 
120, and at time T5 the AP 120 will broadcast the contention 
results in a corresponding M-CTS 340 OFDM signaling sym 
bol. At time T6there is a second SIFS350 delay. Then at time 
T7 only the nodes assigned subchannels will use those 
assigned subchannels for data transmissions. Note that a node 
may contend for multiple Subchannels based on its instanta 
neous traffic demands. At time T8 there is another there is a 
third SIFS 360 delay. Then at time T9 the AP 120 will gen 
erate an acknowledgement (ACK) on each subchannel where 
a data frame has been successfully decoded. 
0042 Downlink transmissions follow similar steps, but 
the AP 120 will initiate an M-RTS signal and receiving sta 
tions may return M-CTS. However, since embodiments of the 
fine-grained channel access system 100 and method do not 
use random time backoff, it needs to separate uplink and 
downlink transmissions. Otherwise, collisions would happen 
under bi-directional traffic. Embodiments of the system 100 
and method do so by assigning different DIFS times to uplink 
and downlink transmissions, as described in detail below. 

III. System and Operational Details 

0043 Embodiments of the fine-grained channel access 
system 100 and method are a cross-layer design that enables 
fine-grained channel access in high-rate wide-band WLAN. 
Embodiments of the system 100 and method are based on 
OFDM and divide a wide-band channel into a set of orthogo 
nal subchannels where different nodes can contend for each 
subchannel individually. For the sake of clarity, this docu 
ment first assumes a scenario that includes a single access 
point and multiple mobile stations or nodes. It is straightfor 
ward to extend embodiments of the fine-grained channel 
access system 100 and method to the multi-access point 
access point case. Also, while in the following discussion a 
20-MHz channel is primarily used as an example to explain 
the operation of embodiments of the fine-grained channel 
access system 100 and method, it should be noted that 
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embodiments of the system 100 and method are of a scalable 
design that works for arbitrarily wide channel bands. 

III.A. Subchannel Division Configuration 
0044) The AP 120 contains a subchannel division configu 
ration 130. FIG. 4 is a flow diagram illustrating the opera 
tional details of embodiments of the subchannel division 
configuration shown in FIG. 1. The input to the subchannel 
division configuration 130 is an entire wireless channel 135. 
The operation of embodiments of the configuration 130 
begins by inputting the entire wireless channel (box 400). 
Next, a number of desired subchannels is determined (box 
410). In some embodiments of the configuration 130, this 
determination is made by the system 100, while in alternate 
embodiments of the configuration 130 the determination is 
made by a user. 
0045 Embodiments of the configuration 130 then divide 
the entire wireless channel 135 into a plurality offine-grained 
subchannels that are equal in number to the number of sub 
channels determined earlier (box 420). Moreover, embodi 
ments of the configuration 130 allow each node in the wire 
less network to contend for different subchannels 
independently (box 430). The output of the configuration 130 
is a plurality of fine-grained subchannels (box 440). 

III.B. Subchannel Request Module 
0046. The client computing device 110 (as well as other 
nodes) contains a subchannel request module 145. FIG. 5 is a 
flow diagram illustrating the operational details of embodi 
ments of the subchannel request module 145 shown in FIG.1. 
The operation of embodiments of the module 145 begin by 
determine a distributed coordination function interframe 
space (DIFS) time (box 500). Next, a determination is made 
as to whetheran entire channel has been idle for more than the 
DIFS time (box510). If not, then embodiments of the module 
145 wait a moment and then check the idleness status again 
(box 520). 
0047. Otherwise, embodiments of the module 145 gener 
ate a short orthogonal frequency-division multiplexing 
(OFDM) symbol for signaling by applying a smaller fast 
Fourier transform (FFT) that is a first FFT size (box530). This 
first FFT size is smaller as compared to the second FFT size, 
which is described below. 
0048 Embodiments of the module 145 then embed in the 
short OFDM symbol the node's contention information (box 
540). This embedded information is embedded in a set of 
Subcarriers that the node intends to access to generate a 
M-RTS signal. Moreover, a M-CTS signal is generated from 
the short OFDM symbol (box550). 
0049 Embodiments of the module 145 attach a short 
cyclic prefix to every M-CTS signal that acts as a first guard 
time (box 560). A long cyclic prefix is attached to each 
M-RTS signal to act as a second guard time (box 570). 
Embodiments of the module 145 transmit the M-RTS signal 
in the physical layer (PHY) using a first OFDM technique 
having a first FFT size (box 580). In addition, the M-CTS 
signal is transmitted in the physical layer as necessary (box 
590). The operation of the signaling module 145 now will be 
discussed in further detail. 

III.B. 1. Symbol Timing Misalignment in WLAN 
0050. This section presents an analysis of the symbol tim 
ing misalignment problem in a carrier sense multiple access 
(CSMA)-based WLAN. Based on this analysis, the next sec 
tion describes the PHY structure of embodiments of the fine 
grained channel access system 100 and method. 
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0051. In a WLAN, transmissions from distributed nodes 
are coordinated based on carrier-sensing and overhearing 
broad-cast frames (such as RTS/CTS). Unlike conventional 
MACs that use these mechanisms to avoid simultaneous 
transmissions, embodiments of the fine-grained channel 
access system 100 and method exploit simultaneous trans 
missions to enable concurrent access from different nodes but 
in orthogonal Subchannels. 
0052. In embodiments of the fine-grained channel access 
system 100 and method, carrier-sensing coordinates the 
transmissions of M-RTS. After they sense an idle channel for 
a fixed DIFS time, two nodes A and B may transmit their 
M-RTS symbols simultaneously. However, since there is fre 
quently a delay to sense the channel and for a signal to 
propagate from one node to another, these two M-RTS sym 
bols cannot be transmitted and received at exactly the same 
time. 
0053. In a worst case scenario of the symbol timing dif 
ference of two such M-RTS symbols received by the AP, 
assume that node A senses the channel idle for tdifs seconds, 
and then node A transmits M-RTS first. It will take at most 
tprop for the signal to arrive at node B. However, it may take 
node B at least teca time to reliably sense the busy channel. If 
the signal arrives at node B after node B starts a sensing slot, 
then node B may not be able to assess a busy channel. Note 
that is does depend on the way in which the node implements 
the carrier-sensing and threshold setting, but remember the 
worst case is being considered. 
0054 Continuing with the worst-case scenario, after the 
sensing slot, node B still declares an idle channel and sends its 
M-RTS as well. The radio signal of node B's M-RTS is 
actually emitted after tRXTX. And it will take at most another 
tprop for the M-RTS to arrive at the AP. The total misaligned 
time is characterized by the following equation, where the 
bound is tight at the worst case: 

Siccattr Tx2xterop (1) er is Regg 2 

Depending on the values of the parameters, it is possible that 
terr its can be as large as lips. 
0055. If coordination is performed by overhearing a 
broadcast frame (such as M-CTS or DATA), the timing mis 
alignment can be shorter because the two senders can be 
synchronized by a reference broadcast. In a worst-case sce 
nario of symbol timing misalignment of data frames after 
receiving a M-CTS broadcast, assume that the jitter for a local 
timer can be neglected since the waiting time is usually very 
Small (about a few microseconds). In this case, the timing 
misalignment is bounded by twice the propagation time. This 
is shown in the following equation, where terris about 2 LS in 
a WLAN environment: 

ter-S2Xerop (2) 

III.B.2. PHY Architecture 

0056 Based on the analysis in last subsection, embodi 
ments of the fine-grained channel access system 100 and 
method need to provide a guard time long enough to handle 
the symbol timing misalignment in a WLAN based on carrier 
sensing and broadcasting. This guard time can be as large as 
11 us if coordination is done with carrier sensing, or 2 us if 
transmissions are synchronized by a preceding broadcast. In 
addition, an additional 800 ns guard time can be included for 
typical spreading delay in indoor environments. Embodi 
ments of the fine-grained channel access system 100 and 
method include two guard-time sizes. Some embodiments 
include a long cyclic prefix (CP) of 11.8 us and a short CP of 
2.8 us. The long CP is attached to M-RTS only, while a short 
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CP is attached to every M-CTS, DATA, and ACK OFDM 
symbols, and therefore is the major overhead of concern. 
0057 To amortize the short CP overhead a longer OFDM 
symbol for data is desirable. A longer OFDM symbol is 
achieved by applying a larger FFT size N. Although in theory 
one can choose any large FFT size N, there are a few practical 
considerations. First, a large N requires more computational 
power to calculate the transform as the complexity of FFT is 
O(Nlog(N)). Second, with large N the adjacent subcarriers 
are spaced very closely. Therefore, it is more sensitive to the 
error in frequency setting of distributed nodes. Distributed 
nodes typically have some Small frequency offset (a few 
hundred Hz). Thus, the adjacent subcarriers ideally have 
enough separation to accommodate Such an offset. In prac 
tice, subcarriers are usually separated by at least 15 KHZ. 
0058. In some embodiments of the fine-grained channel 
access system 100 and method, the FFT size of the DATA 
OFDM symbol is selected to be 256 in a 20 MHZ channel. 
Moreover, in some embodiments its FFT period is 12.8 us, 
and this yields a cyclic-prefix overhead of 18%, which is 
comparable to the CP overhead of the IEEE 802.11 standard 
(which is 20%). ACK symbols have the same structure as 
DATA symbols. M-RTS and M-CTS have a larger FFT size 
(such as 512-point) because they are signaling symbols that 
use a low modulation rate, and embodiments of the system 
100 and method need slightly more subcarriers to embed 
control information. 
0059. In principle, embodiments of the fine-grained chan 
nel access system 100 and method can allocate each subcar 
rier independently to give maximal flexibility. However, in 
practice it is difficult for a node to use only a single Subcarrier 
to transmit data for two practical reasons. First, using only 
one Subcarrier means frequency selective fading. If that Sub 
carrier encounters deep fading, then all data will be lost. Thus, 
it is desirable for a wireless PHY to code across multiple 
Subcarriers to achieve spectrum diversity gain. Second, 
although a preamble may be used for channel estimation and 
compensation, the wireless channel may change during the 
period of data transmission. For high modulation rates, it is 
desirable for the receiver to track the changes in the wireless 
channel. This tracking is typically done by adding an addi 
tional training Subcarrier (or pilot) along with other data 
Subcarriers. 
0060. Therefore, embodiments of the fine-grained channel 
access system 100 and method group a set of Subcarriers 
which are not necessarily contiguous) into a Subchannel and 
uses it as the basis for channel access. Each Subchannel con 
tains sixteen data Subcarriers and one pilot Subcarrier. Thus, 
in some embodiments of the system 100 and method a single 
subchannel is 1.33 MHz wide with 6% pilot overhead (which 
is comparable to the IEED 802.11 standard (7%). 
0061. With different modulation modes, the PHY data rate 
of a single subchannel can range from 512 Kbps to 20.25 
Mbps. The lowest data rate is achieved with BPSK, /2 coding 
on each data subcarrier; while the highest data rate is achieved 
by applying 64OAM, 5/6 coding and four spatial multiplexing 
streams on four antennas. With a 1.33 MHz subchannel, a 20 
MHz, 802.11 channel contains 14 orthogonal subchannels. 
The remainder of the spectrum is used as guard-bands sepa 
rating adjacent wide-band channels. 
0062. It is also straightforward for embodiments of the 
system 100 and method to support wider band channels, such 
as 40-100 MHz or wider. For example, to support a 40 MHz 
channel, embodiments of the system 100 and method double 
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the FFT size for all OFDM symbols. Since the sampling rate 
is also doubled the symbol period does not change. When 
using a 40 MHZ channel, the guard-bands that would be ideal 
to separate two 20 MHZ channels can be saved. Thus, embodi 
ments of the system 100 and method can have 29 orthogonal 
subchannels with 40 MHz. Even though embodiments of the 
fine-grained channel access system 100 and method have 
slightly lower data rates than the IEEE 802.11n standard, the 
effective throughputs are actually dramatically higher due to 
diminished overheads. 

III.B.3. M-RTS/M-CTS Format 

0063 Some embodiments of the fine-grained channel 
access system 100 and method perform subcarrier allocation 
by having MRTS and M-CTS symbols use a 512-point FFT 
size in a 20 MHZ channel. Wider channels use a proportion 
ally longer FFT point size, and reduce the number and there 
fore overhead of guard-bands. For example, with a 40 MHz 
channel, some embodiments of the system 100 and method 
uses a 1024-point FFT size with nearly half the number of 
guard-bands. In order to explain this format each band will be 
explained by using a 20 MHZ channel as an example. 
III.B.3.i. Tag Band 
0064. The tag band contains a predefined binary sequence 
to identify the type of this OFDM symbol. The tag band is 
interleaved on selected Subcarriers whose indexes are a mul 
tiple of four. Thus, the tag band creates a repeating pattern in 
time-domain samples. The receiver can use this pattern to 
detect the symbol using correlation. In a 20 MHZ channel, the 
tag band contains 32 subcarriers. For M-RTS, the tag 
sequence starts with zero, {0, 1, 0, 1,..., 0, 1}, while for 
M-CTS the sequence becomes {1, 0, 1,..., 0, 1, 0}. 
III.B.3.ii. Contention Band and Resolution Band 

0065. In M-RTS, sixteen subcarriers are allocated to each 
subchannel for contention. So, a total of 224 subcarriers are 
allocated for a contention band for all 14 subchannels arbi 
trated using an M-RTS symbol. Contention results are 
embedded in the resolution band in M-CTS. 

0066. The resolution band occupies more subcarriers 
compared to the contention band in the M-RTS. There are 24 
subcarriers for each subchannel. However, since BAM is less 
robust compared to phase-shift keying modulation (Such as 
BPSK), BAM's reliability can be improved by replicating on 
multiple Subcarriers and using soft-decoding. It can be shown 
that by replicating twice, BAM can achieve the same perfor 
mance of BPSK. In some embodiments of the fine-grained 
channel access system 100 and method, four-time replication 
is used when high reliability is required. 
0067. With four-time replication only six bits are allowed 
to carry the resolution results. Currently, six bits can represent 
the winner number (1-16) and two other special states. If 
these 6 bits are all Zero it means the subchannel is not used and 
no node has contended for this subchannel. Alternately, if the 
bits are all ones, then the subchannel is reserved by the 
receiver. In this case no transmission is allowed on this Sub 
channel during the contention period. 
III.B.3.iii. Receiver Band 

0068. The receiver band contains the hash vector for 
intended receivers. In some embodiments of the fine-grained 
channel access system 100 and method, the hash vector con 
tains 40 bits and each bit again is replicated four times for 
reliability. So the total number of subcarriers used is 160. 
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III.B.3.iv. Network Allocation Vector (NAV) Band 
0069. The network allocation vector (NAV) band encodes 
the expected number of OFDM symbols in the following data 
frame. Some embodiments of the fine-grained channel access 
system 100 and method contains 64 subcarriers. Due four 
times replication, the actual bits that can be modulated are 16. 
There are several ways to encode the data symbol number in 
the NAV band. One technique is to use each single bit to 
present a certain number of OFDM symbols. Thus, sixteen 
bits can present numbers between 3 to 48, with a step of 3 
OFDM symbols. In a M-CTS, only the highest bit is echoed 
back and all nodes that overhear the M-CTS defer their con 
tention for a corresponding period. 

III.C. Data Transmission Module 

0070 Embodiments of the fine-grained channel access 
system 100 and method include the data transmission module 
185. FIG. 6 is a flow diagram illustrating the operational 
details of embodiments of the data transmission module 185 
shown in FIG. 1. Operation begins by inputting one or more 
subchannel assignments (box 600). Next, a DIFS time is 
determined (box 610). 
(0071 Embodiments of the module 185 then make a deter 
mination as to whether the entire channel has been idle for 
more than the DIFS time (box 620). If not, then embodiments 
of the module 185 wait a moment and check again (box 630). 
If so, then embodiments of the module 185 generate a long 
OFDM symbol for data transmission by applying a larger 
FFT size that is a second FFT size (box 640). The second FFT 
size is larger as compared to the first FFT size, described 
above. 
0072 Embodiments of the module 185 then attach a short 
cyclic prefix to every data symbol to act as the first guard time 
(box 650). Moreover, the short cyclic prefix is attached to 
every acknowledgement symbol to also act as the first guard 
time (box 660). Embodiments of the module 185 than trans 
mit data using a second OFMD technique having the second 
FFT size (box 670). 

III.D. Frequency Domain Contention Module 

0073 Embodiments of the fine-grained channel access 
system 100 and method use the M-RTS/M-CTS signal 
exchange to avoid collisions in each subchannel. M-RTS/M- 
CTS are specially-designed OFDM symbols. M-RTS/M- 
CTS use simple Binary Amplitude Modulation (BAM) to 
modulate a single bit on each subchannel. Specifically, BAM 
maps a binary “0” to zero amplitude in a subcarrier, and it uses 
a random complex on the unit circle (e") to represent binary 
“1”. This modulation is also known as On-Off Keying. BAM 
can be easily detected at the receiver by comparing the energy 
on a Subcarrier against a threshold, without the need to 
recover the symbol phase. 
0074 FIG. 7 is a flow diagram illustrating the operational 
details of embodiments of the frequency domain contention 
resolution module 165 shown in FIG.1. In general, the basic 
idea of frequency domain contention resolution works as 
follows. In M-RTS, a group of, say K. Subcarriers are allo 
cated for each Subchannel, which is called a contention band 
(box 700). When a node contends for a subchannel, the node 
first randomly picks a subcarrier from the contention band 
(box 705). The node then sends a M-RTS signal to the AP 120 
by using BAM (box 710). In some embodiments of the mod 
ule 165 the signal sent is a “1” 

Dec. 29, 2011 

(0075. The AP 120 receives multiple M-RTS signals from 
nodes (box 715). The AP 120 then detects the multiple signals 
that are superposed on different subcarriers of the contention 
band (box. 720). The AP 120 may detect multiple ones on 
different subcarriers of the contention band. The AP 120 then 
selects a winning node for a subchannel based on predefined 
rules (box 725). In other words, embodiments of the module 
165 can arbitrate a winning node by selecting a subcarrier 
based on some predefined rules (such as the one with highest 
frequency). 
0076. The AP 120 then sends a M-CTS signal containing 
an identification of the winning Subcarrier for each subchan 
nel as a subchannel allocation broadcast (box 730). After 
receiving the M-CTS signal, each node compares the Sub 
channel allocation broadcast by the AP 120 to the subcarrier 
it has transmitted for the subchannel (box 735). A determina 
tion then is made as to whether the winning Subcarrier and the 
randomly-selected subcarrier transmitted by the node match 
each other (box. 740). 
0077. If there is no match, then node will repeat its request 
for a subchannel at a later time (box 745). In there is a match, 
then the node will transmit data symbols on that subchannel 
corresponding to the winning subcarrier box (box 750). This 
transmission is performed after a short interframe space 
(SIFS) delay, as specified in the IEEE 802.11 standard. 
0078. There are a few issues need to be considered in the 
frequency domain contention. First, the issue of what hap 
pens if two nodes transmit on the same contention Subcarrier. 
It is very possible for two nodes to pick up the same random 
number and transmit on the same contention Subcarrier. Thus, 
their transmitted energy is additive at the AP side. If the AP 
picks this Subcarrier as the winner, a collision will happen 
since both nodes will consider themselves the winner and 
send data symbols on the same subchannel simultaneously. It 
is also possible (although the possibility is small) that two 
nodes signals are destructive and cancel each other, so the AP 
may not be able to detect the transmissions. In this case the 
nodes involved will conclude that they were not allocated the 
Subchannels they requested. 
0079 Second is the issue of how large is K? Clearly, a 
large K will have fewer collisions in a subchannel. However, 
a larger Kalso means more Subcarriers are used and result in 
a larger signaling overhead. This is because more Subcarriers 
need a larger FFT size and therefore a longer FFT period. 
Some embodiments of the fine-grained channel access sys 
tem 100 and method set K=16, which is the initial contention 
window size in the IEEE 802.11 standard. 
0080. Third is the issue of who is responsible to return 
M-CTS. Any node that overhears the M-RTS transmissions 
can arbitrate the subchannel access. Simultaneous transmis 
sions of M-CTS from different nodes are also allowed since, 
in a single broadcast domain, these M-CTS symbols are likely 
to have the same contention results and their energy is addi 
tive on each subcarrier. But it is still reasonable that only the 
potential receivers return M-CTS for M-RTS based on the 
following considerations: (1) the irrelevant nodes can be set to 
power-save mode, because it is unfair for them to spend 
power responding to M-RTS signals not for them; (2) it may 
unnecessarily create more exposed terminals if non-receiver 
nodes reply with M-CTS and block transmissions that could 
happen without interference. 
I0081. One issue is how to specify a receiver in M-RTS. 
This is a non-trivial matter, since multiple nodes may transmit 
M-RTS simultaneously to different receivers and the receiver 
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information may be mixed. Embodiments of the fine-grained 
channel access system 100 and method resolve this issue by 
using a membership vector of m Subcarriers to present 
receiver information in M-RTS. Before transmitting M-RTS a 
node will hash the receiver's ID into a value between 0-(m-1). 
Then, the corresponding subcarrier will carry a “1” bit. Any 
node receiving M-RTS will check if the subcarrier corre 
sponding to its ID has been set. If true, it returns a M-CTS. It 
is possible that multiple nodes have hash value collisions. But 
with a reasonably-sized m the number of station collisions 
remains small (2-3 in a typical WLAN setting), where one AP 
may be associated with several tens of stations. In some 
embodiments of the system 100 and method m is equal to 40 
bits. 

III.E. Frequency Domain Backoff Module 
0082 In embodiments of the fine-grained channel access 
system 100 and method, nodes will choose how many sub 
channels to request via contention based on their traffic 
requirements. If the traffic requirements are light, a node may 
choose fewer subchannels, while a heavily-loaded node may 
contend for as many as all subchannels for most efficient 
communication. However, if there are many nodes in a net 
work contending for many subchannels, the collision avoid 
ance mechanism provided by M-RTS/C-RTS may not be 
sufficient to represent all contenders since the number of 
subcarriers in the contention band is limited. One way to scale 
the ability to avoid collisions is to use multiple M-RTS sym 
bols. But doing so will introduce more signaling overhead. 
0083. Instead, embodiments of the system 100 and 
method use a novel frequency domain backoff technique to 
scale in a heavily-contented dense network. The basic idea is 
to control the maximal number of subchannels that one node 
can access based on the observed collision level. More spe 
cifically, FIG. 8 is a flow diagram illustrating the operational 
details of embodiments of the frequency domain backoff 
module 150 shown in FIG. 1. 
0084 Operation of embodiments of the frequency domain 
backoff module 150 begins by define a state variable, C. 
which controls the maximal subchannel the node can access 
in the next transmission opportunity (box 800). It should be 
noted that each node maintains a state variable. Thus, when 
the channel is idle for DIFS, a node may pick up to n sub 
channels to contend for, where n-min(C. I.). In this 
case I is the number of fragments in the node's local 
sending queue. 
I0085 Embodiments of the module 150 update the state 
variable, C., by using one of two techniques (box 810). 
This update technique used is based on the contention situa 
tion on the channel. There can be multiple update strategies. 
In a first embodiment of the module 150 a reset-to-max tech 
nique is used to update the state variable (box 820). This first 
embodiment emulates the behavior of the binary exponential 
backoff (BEB) used in the IEEE 802.11 standard. In particu 
lar, when a collision is detected on a subchannel that a node 
has transmitted on, embodiments of the module 153 will 
reduce C by half (box 830). Once all transmissions are 
successful embodiments of the module 150 reset the state 
variable, C, to the total number of subchannels (box 840). 
0.086. In second embodiment of the module 150 an addi 
tive increase/multiplicative decrease (AIMD) strategy is used 
to update the state variable (box 850). In this second embodi 
ment, embodiments of the module 150 detect after transmis 
sion that p '% of subchannels have collisions (box 860). 
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Embodiments of the module 150 then decrease the state vari 
able, C., by p '96, which is a multiplicative decrease (box 
870). This reaction is reasonable since preflects an estimation 
on the contention level in all subchannels. And when all 
accesses to subchannels succeed embodiments of the module 
150 increases the state variable, C., by one, which is an 
additive increase (box 880). It is straightforward to prove that 
both strategies converge if all contending nodes are within a 
single broadcasting domain. 

III.F. Two-Way Traffic 

0087. This section discusses how embodiments of the 
fine-grained channel access system 100 and method schedule 
downlink traffic. Embodiments of the system 100 and method 
separate the uplink and downlink traffic by assigning differ 
ent DIFS times to the AP and stations. The one with short 
DIFS has the priority to access the channel by sending M-RTS 
earlier. 

I0088. To ensure fairness between uplink and downlink 
traffic, embodiments of the system 100 and method use a 
dynamic DIFS assignment strategy. In particular, a fixed 
DIFS time is assigned to all mobile stations and the AP has 
two different DIFS time settings. One is shorter than DIFS of 
mobile stations, and the other one is longer. The AP chooses 
a DIFS time based on the following rules. First, once an AP 
accesses the channel with a short DIFS, it will use the long 
DIFS for its next access. In addition, if an AP receives M-RTS 
from stations, it will use a short DIFS for its next access. 

IV. Exemplary Operating Environment 

I0089 Embodiments of the fine-grained channel access 
system 100 and method are designed to operate in a comput 
ing environment. The following discussion is intended to 
provide a brief, general description of a Suitable computing 
environment in which embodiments of the fine-grained chan 
nel access system 100 and method may be implemented. 
0090 FIG. 9 illustrates an example of a suitable comput 
ing system environment in which embodiments of the fine 
grained channel access system 100 and method shown in 
FIGS. 1-8 may be implemented. The computing system envi 
ronment 900 is only one example of a suitable computing 
environment and is not intended to Suggest any limitation as 
to the scope of use or functionality of the invention. Neither 
should the computing environment 900 be interpreted as hav 
ing any dependency or requirement relating to any one or 
combination of components illustrated in the exemplary oper 
ating environment. 
0091 Embodiments of the fine-grained channel access 
system 100 and method are operational with numerous other 
general purpose or special purpose computing system envi 
ronments or configurations. Examples of well known com 
puting systems, environments, and/or configurations that 
may be suitable for use with embodiments of the fine-grained 
channel access system 100 and method include, but are not 
limited to, personal computers, server computers, hand-held 
(including Smartphones), laptop or mobile computer or com 
munications devices such as cell phones and PDAs, multi 
processor systems, microprocessor-based systems, set top 
boxes, programmable consumer electronics, network PCs, 
minicomputers, mainframe computers, distributed comput 
ing environments that include any of the above systems or 
devices, and the like. 
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0092. Embodiments of the fine-grained channel access 
system 100 and method may be described in the general 
context of computer-executable instructions, such as program 
modules, being executed by a computer. Generally, program 
modules include routines, programs, objects, components, 
data structures, etc., that perform particular tasks or imple 
ment particular abstract data types. Embodiments of the fine 
grained channel access system 100 and method may also be 
practiced in distributed computing environments where tasks 
are performed by remote processing devices that are linked 
through a communications network. In a distributed comput 
ing environment, program modules may be located in both 
local and remote computer storage media including memory 
storage devices. With reference to FIG.9, an exemplary sys 
tem for embodiments of the fine-grained channel access sys 
tem 100 and method includes a general-purpose computing 
device in the form of a computer 910. 
0093 Components of the computer 910 may include, but 
are not limited to, a processing unit 920 (Such as a central 
processing unit, CPU), a system memory 930, and a system 
bus 921 that couples various system components including 
the system memory to the processing unit 920. The system 
bus 92.1 may be any of several types of bus structures includ 
ing a memory bus or memory controller, a peripheral bus, and 
a local bus using any of a variety of bus architectures. By way 
of example, and not limitation, such architectures include 
Industry Standard Architecture (ISA) bus, Micro Channel 
Architecture (MCA) bus, Enhanced ISA (EISA) bus, Video 
Electronics Standards Association (VESA) local bus, and 
Peripheral Component Interconnect (PCI) bus also known as 
Mezzanine bus. 
0094. The computer 910 typically includes a variety of 
computer readable media. Computer readable media can be 
any available media that can be accessed by the computer 910 
and includes both volatile and nonvolatile media, removable 
and non-removable media. By way of example, and not limi 
tation, computer readable media may comprise computer 
storage media and communication media. Computer storage 
media includes Volatile and nonvolatile removable and non 
removable media implemented in any method or technology 
for storage of information Such as computer readable instruc 
tions, data structures, program modules or other data. 
0095 Computer storage media includes, but is not limited 

to, RAM, ROM, EEPROM, flash memory or other memory 
technology, CD-ROM, digital versatile disks (DVD) or other 
optical disk storage, magnetic cassettes, magnetic tape, mag 
netic disk storage or other magnetic storage devices, or any 
other medium which can be used to store the desired infor 
mation and which can be accessed by the computer 910. By 
way of example, and not limitation, communication media 
includes wired media such as a wired network or direct-wired 
connection, and wireless media Such as acoustic, RF, infrared 
and other wireless media. Combinations of any of the above 
should also be included within the scope of computer read 
able media. 
0096. The system memory 930 includes computer storage 
media in the form of volatile and/or nonvolatile memory such 
as read only memory (ROM).931 and random access memory 
(RAM) 932. A basic input/output system 933 (BIOS), con 
taining the basic routines that help to transfer information 
between elements within the computer 910, such as during 
start-up, is typically stored in ROM 931. RAM 932 typically 
contains data and/or program modules that are immediately 
accessible to and/or presently being operated on by process 
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ing unit 920. By way of example, and not limitation, FIG. 9 
illustrates operating system 934, application programs 935, 
other program modules 936, and program data 937. 
(0097. The computer 910 may also include other remov 
able/non-removable, Volatile/nonvolatile computer storage 
media. By way of example only, FIG. 9 illustrates a hard disk 
drive 941 that reads from or writes to non-removable, non 
volatile magnetic media, a magnetic disk drive 951 that reads 
from or writes to a removable, nonvolatile magnetic disk 952, 
and an optical disk drive 955 that reads from or writes to a 
removable, nonvolatile optical disk 956 Such as a CDROM or 
other optical media. 
0098. Other removable/non-removable, volatile/nonvola 
tile computer storage media that can be used in the exemplary 
operating environment include, but are not limited to, mag 
netic tape cassettes, flash memory cards, digital versatile 
disks, digital video tape, solid state RAM, solid state ROM, 
and the like. The hard disk drive 941 is typically connected to 
the system bus 921 through a non-removable memory inter 
face such as interface 940, and magnetic disk drive 951 and 
optical disk drive 955 are typically connected to the system 
bus 921 by a removable memory interface, such as interface 
950. 
0099. The drives and their associated computer storage 
media discussed above and illustrated in FIG. 9, provide 
storage of computer readable instructions, data structures, 
program modules and other data for the computer 910. In 
FIG. 9, for example, hard disk drive 941 is illustrated as 
storing operating system 944, application programs 945, 
other program modules 946, and program data 947. Note that 
these components can either be the same as or different from 
operating system 934, application programs 935, other pro 
gram modules 936, and program data 937. Operating system 
944, application programs 945, other program modules 946, 
and program data 947 are given different numbers here to 
illustrate that, at a minimum, they are different copies. A user 
may enter commands and information (or data) into the com 
puter 910 through input devices such as a keyboard 962, 
pointing device 961, commonly referred to as a mouse, track 
ball or touch pad, and a touch panel or touch screen (not 
shown). 
0100 Other input devices (not shown) may include a 
microphone, joystick, game pad, satellite dish, Scanner, radio 
receiver, or a television or broadcast video receiver, or the 
like. These and other input devices are often connected to the 
processing unit 920 through a user input interface 960 that is 
coupled to the system bus 921, but may be connected by other 
interface and bus structures, such as, for example, a parallel 
port, game port or a universal serial bus (USB). A monitor 991 
or other type of display device is also connected to the system 
bus 921 via an interface, such as a video interface 990. In 
addition to the monitor, computers may also include other 
peripheral output devices such as speakers 997 and printer 
996, which may be connected through an output peripheral 
interface 995. 

0101 The computer 910 may operate in a networked envi 
ronment using logical connections to one or more remote 
computers, such as a remote computer 980. The remote com 
puter 980 may be a personal computer, a server, a router, a 
network PC, a peer device or other common network node, 
and typically includes many or all of the elements described 
above relative to the computer 910, although only a memory 
storage device 981 has been illustrated in FIG. 9. The logical 
connections depicted in FIG. 9 include a local area network 
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(LAN)971 and a wide area network (WAN)973, but may also 
include other networks. Such networking environments are 
commonplace in offices, enterprise-wide computer networks, 
intranets and the Internet. 
0102. When used in a LAN networking environment, the 
computer 910 is connected to the LAN 971 through a network 
interface or adapter 970. When used in a WAN networking 
environment, the computer 910 typically includes a modem 
972 or other means for establishing communications over the 
WAN 973, such as the Internet. The modem 972, which may 
be internal or external, may be connected to the system bus 
921 via the user input interface 960, or other appropriate 
mechanism. In a networked environment, program modules 
depicted relative to the computer 910, or portions thereof, 
may be stored in the remote memory storage device. By way 
of example, and not limitation, FIG. 9 illustrates remote 
application programs 985 as residing on memory device 981. 
It will be appreciated that the network connections shown are 
exemplary and other means of establishing a communications 
link between the computers may be used. 
0103) The foregoing Detailed Description has been pre 
sented for the purposes of illustration and description. Many 
modifications and variations are possible in light of the above 
teaching. It is not intended to be exhaustive or to limit the 
subject matter described herein to the precise form disclosed. 
Although the Subject matter has been described in language 
specific to structural features and/or methodological acts, it is 
to be understood that the subject matter defined in the 
appended claims is not necessarily limited to the specific 
features or acts described above. Rather, the specific features 
and acts described above are disclosed as example forms of 
implementing the claims appended hereto. 
What is claimed is: 
1. A method for providing fine-grained channel access in a 

wireless network, comprising: 
dividing an entire wireless channel into a plurality of fine 

grained subchannels; 
having each node in the wireless network independently 

contend for each of the plurality of fine-grained sub 
channels; 

assigning each node one or more subchannels; and 
transmitting and receiving data over the plurality of Sub 

channels. 
2. The method of claim 1, further comprising using a first 

orthogonal frequency-division multiplexing technique for 
signaling a desire to obtain one or more of the plurality of 
fine-grained subchannels. 

3. The method of claim 2, further comprising having a node 
in the wireless network use the first orthogonal frequency 
division multiplexing technique having a first fast Fourier 
transform size to signal a receiver in the wireless network 
through the physical layer. 

4. The method of claim3, further comprising using the first 
orthogonal frequency-division multiplexing technique to 
have each node in the wireless network simultaneously trans 
mit a multi-tone request-to-send (M-RTS) signal to the 
receiver. 

5. The method of claim 4, further comprising using the first 
orthogonal frequency-division multiplexing technique to 
transmit a multi-tone clear-to-send (M-CTS) signal to each of 
the nodes. 

6. The method of claim 2, further comprising using a sec 
ond orthogonal frequency-division multiplexing technique to 
transmit data over the wireless network, where the first 
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orthogonal frequency-division multiplexing technique and 
the second orthogonal frequency-division multiplexing tech 
nique are different from each other. 

7. The method of claim 6, further comprising using the 
second orthogonal frequency-division multiplexing tech 
nique having a second fast Fourier transform size for data 
transmission on the plurality of fine-grained subchannels. 

8. The method of claim 1, further comprising using a 
receiver on the wireless network to resolve any contention 
between nodes for a same Subchannel. 

9. The method of claim 8, further comprising using the 
receiver to assign each node one or more of the plurality of 
Subchannels. 

10. The method of claim 1, further comprising using a first 
guard time and a second guard time to handle symbol time 
misalignment of asynchronous signaling and data transmis 
sion over the plurality of fine-grained subchannels, where the 
first guard time and the second guard time are different from 
each other. 

11. A method for dividing a transmitting data over a wire 
less local-area network, comprising: 

separating a whole wireless channel into a plurality of 
fine-grained subchannels; 

having each node on the wireless network contend inde 
pendently for each of the plurality of fine-grained sub 
channels; 

using a first orthogonal frequency-division multiplexing 
technique to perform tone-based for signaling in the 
physical layer over the wireless network; 

using a second orthogonal frequency-division multiplex 
ing technique for data transmission over the wireless 
network; 

using an access point in the wireless network to assign one 
or more of the plurality of subchannels to nodes in the 
wireless network; and 

transmitting and receiving data over the assigned subchan 
nels. 

12. The method of claim 11, further comprising: 
determining that an idle time of the whole wireless channel 

is greater than a distributed coordination function inter 
frame space (DIFS) time: 

generating a short orthogonal frequency-division multi 
plexing symbol for signaling by applying a first fast 
Fourier transform (FFT) size; and 

generating a multi-tone request-to-send (M-RTS) signal by 
embedding in the short orthogonal frequency-division 
multiplexing symbola node's contention information in 
a set of Subcarriers that a node intends to access. 

13. The method of claim 12, further comprising: 
generating a multi-tone clear-to-send (M-CTS) signal from 

the short orthogonal frequency-division multiplexing 
symbol; 

attaching a short cyclic prefix to every M-CTS signal to act 
as a first guard time; and 

attaching a long cyclic prefix to each M-RTS signal to act 
as a second guard time, where the short cyclic prefix is 
short than the long cyclic prefix. 

14. The method of claim 13, further comprising transmit 
ting the M-RTS signal and the M-CTS signal in the physical 
layer using the first orthogonal frequency-division multiplex 
ing technique. 

15. The method of claim 14, further comprising: 
generating a long orthogonal frequency-division multi 

plexing symbol for data transmission by applying a sec 
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ond fast Fourier transform (FFT) size, where the first 
FFT size is smaller than the second FFT size; and 

transmitting data using the second orthogonal frequency 
division multiplexing technique having the second FFT 
S17C. 

16. The method of claim 15, further comprising: 
attaching the short cyclic prefix to every data symbol to act 

as the first guard time; and 
attaching the short cyclic prefix to each acknowledgement 

symbol to act as the first guard time. 
17. A method for accessing a wireless channel in a wireless 

local-area network having a plurality of nodes and an access 
point, comprising: 

determining a number of Subchannels; 
dividing the entire wireless channel into a plurality of 

fine-grained subchannels equal to the number of Sub 
channels; 

allowing each of the plurality of nodes to contend indepen 
dently for the each of the plurality of subchannels: 

transmitting a multi-tone request-to-send (M-RTS) signal 
and a multi-tone clear-to-send (M-CTS) signal in the 
physical layer using a first orthogonal frequency-divi 
sion multiplexing technique having a first fast Fourier 
transform (FFT) size: 

transmitting data over the plurality of Subchannels using a 
second orthogonal frequency-division multiplexing 
technique having a second FFT size, where the second 
FFT size is larger than the first FFT size: 

having each of the plurality of nodes simultaneously trans 
mit the M-RTS signal to the access point using the first 
orthogonal frequency-division multiplexing technique 
to indicate a desire for one or more particular subchan 
nels; 

having the access point resolve any contention between 
nodes for a same Subchannel; 

assigning the plurality of fine-grained subchannels to the 
plurality of nodes; and 

transmitting and receiving data over the plurality of fine 
grained subchannels. 
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18. The method of claim 17, further comprising: 
allocating for each of the plurality of Subchannels a group 

of subcarriers called a contention band; 
using a node to randomly picka Subcarrier from a group of 

Subcarriers when the node is contending for a subchan 
nel; 

using the node to send the M-RTS signal to the access point 
using binary amplitude modulation; 

using the access point to select a winning node for a Sub 
channel based on predefined rules: 

sending the M-CTS signal from the access point containing 
an identification of a winning Subcarrier for the subchan 
nel as a subchannel allocation broadcast; 

using the node to compare the subchannel allocation 
broadcast to the randomly-picked subcarrier transmitted 
by the node: 

determining that the winning Subcarrier and the randomly 
picked subcarrier transmitted by the node match each 
other; and 

using the node to transmit data symbols on a Subchannel 
corresponding to the winning Subcarrier after a short 
interframe space (SIFS) delay. 

19. The method of claim 17, further comprising: 
defining a state variable that controls a maximum number 

of subchannels that a node can access at a next transmis 
sion opportunity; 

reducing the state variable by half when a collision is 
detected; and 

resetting the state variable to a total number of subchannels 
when all transmissions are successful. 

20. The method of claim 17, further comprising: 
defining a state variable that controls a maximum number 

of subchannels that a node can access at a next transmis 
sion opportunity; 

detecting that p '% of the plurality of subchannels have 
collisions; 

decreasing the state variable by p 96; and 
increasing the state variable by one when all accesses to the 

plurality of subchannels have succeeded. 
c c c c c 


